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)4) MAGNETIC MATERIAL, MAGNETORESISTANCE EFFECT DEVICE USING SUCH 
lAGNETIC MATERIAL AND MAGNETIC DEVICEtUSING SUCH KAAGNETO RESISTIVE 
FFECT DEVICE ^ " 

)7)Abstract: 

ROBLEM TO BE SOLVED: To provide a magnetic material 
sing a neyy half metal, to proyid^ a magnetoresistance effect 
evice in which a high tunnel magneto resistam^e effect can 
a obtainecl by producing the magnetoresistance' eff^pt device 
/ using such: a magnetic material, and further to prpyicle a 
tagnetic device using such a magneto resistance: effect 
avice. 

OLUTION: The magnetoresistance effect device is provided 
ith a fixed layer S cpmposed of a ferromagnetic SL(b§t^nce. 
n insulating layer 4 formed on that fixed layef^^and.a fi^e 
yer 5 formed on that insulating layer and composed .of a 
srromagnetic substance. Any one of or both the fixed layer 3 
id the free layer; 5 are each composed of: a metalfipxidev 
aving a spinel structure expressed by MxFe3-x04 and (x) 
ilfills the condition of 0<x<0.5. 
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[if 1 ] #®il<t^^^t;{ai4«i^-e&or, 
<o. 5*isfc-r. attt«j|sj. 
or. 

*->^«lit**■r^*aK^t1a$#^■efcy. Mttzn* 

fcl4MnCOL^rtV-A^t7^&y . A^O x 14 O < x < O. 5$ 

[»««4] »««2*fci43icia«a)ajRSfitS4s 

[000 1] 
[0002] 

[0 0 0 3] -fs. ifi^, S9fLl^p'*-XAIcS-5<|^ 

GMR (Giant Magnetoresi stance) A<,tS**tr 
l^ho GMRI4, lfi1£JB^g^fil1SjB&$filnmafi(DJi 

F a /C r (OAXlt^K (M. N. Ba ibich et al. . Physic 
ai Review Letters. Vol. 61, No. 21. pp. 2472-2475. Th . 
e American Physical Society. 1988#SgfT) Co 

MR = 2P1P2/ (1 -p,p 

cc-c. Pii4mia)aatt(*<z>;^e>iBa*. P2i*» 



/CuOAX^S^s-JK (S.S. p. Parkin et al.. Physical 
Review Letters. Vol.66, No. 16. pp. 2152-2155. The A 
merican Physical Society. 1991^f§fT) /<i:i:A<Mtb* 

[0 0 0 4] ^tz. /h^jjcflais-ext'^^x-r •>^t?# 

SGMRtLri*. IMM14#S@^^>L.r5Sffitt«:®^ 
<fe5l-F eMn-¥> I r M n i:a)S^jlti®$EaLr 

^©safisttt^s (7U-S) <D;^e>^^gpaiii;j;o 

rSglcX'r->^t?^*J:5lc<i:-5. cojx e>/\*;u:f 
AXtt^-SJ: y 4.SSl^l8JS<D«9t«et3am*^$««r 

[0 0 0 5] fe^±lc^sl^TlJ^WLfc^aa^^fi^^^l*Sl^ 

14, IBiBtspfT<C^|S|lcSaE$gjLfc«^(zsaft«tjt3ai 

:^isjir®ii5^3S Lfcii^icjift«titjaiSA<if e>*i*fiiai 

»ta^*^^t,»^>*tTl^€» (W.P.Pratt et a I.. Phys 
ical Review Letters. Vol.66. No. 23. pp. 3060-3063. T 
he American Physical Society. 1991^^tf) , 
[0 0 0 6] 2S«)Sa«ai±<*®(OffllZ»Lx|6|S« 

*isit*cticd:y. j^i^mfs.^immtm^inhTM 

R (Tunnel Magenetoresi stance) *<jaUl$tl"Cl^-6 
(T. Miyazaki et al. Journal of Magnetism and Hagne 
tic Materials 139. pp. 231-234. Elsevier Science 
B.V.. 1995^l6ff) . C<0TMRICiJ3lt^{att«fitS!l* 
14, KBIc«LTSie3S:*Ria)h>4^;u«35<D:fc^$A< 
7 U -SOX eXD^I^IIr J: y S^f ^ C t Lfc* 

a>-cfey, #ici>>^;naa»tits&*tDfi4*iTt^*. 

[0 0 0 7] $e,|Cl4, «&««*2 0fl|ilfc^Jltti*» 

'S€)^«142a ^•>:^;H««SSt3aS^^ (K. Inomata 
et al.. Journal of Applied Physics, Vol.87. No 9. 
pp. 6064-6066. American Institute of Physics. 2000 

#«ff) co^att2fih>*.;n»aja«jR:f.|cfc 
^^-thmm.zmh:y^)vm^i&mimsk^ (k. inom 

ataetal.. Journal of App I led Physics. Vol.73, No 
8. pp. 1143-1145, American Institute of Physics, 2 

0O0#«lT) 36<, *38B^#6lcJ:ora«**VTt^*. 
[0 0 0 8] ±j$a)TMR(Zi3ltSata«fitlE<t¥MR 

14, -«fca«at!n*©xtf>iiffi*PicflcSL, m±. 
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[oo 1 o] TMRi4sagestticfi*v. ffiffl^sisea 

taS6a>^'J. MR AM (Magnetic Random Access Mem 
ory) Uif) lctJCffl$*l-30&So 

[0 0 1 1] fctS-li, MRAM-CliTMR$7 h*;^ 
XttlcESL, c:<DTMR(Difiei=!ftlt6.*lfcE|gfcS 
35^35-rCi:(Cj:oTTMRlC{S«$^ilDL, 
<amit</>^ # *¥ff lCft«ffll-r « C t (C J: ^ T . 
TMR|ZT*-*A<»ii*tt«. tttULI^lCtt, ± 

MRtb (%) = 1 00 X ( 

Coo 13] r<Sift, ^^t*:a)a-F ©203-7 h'J-y 
^?;^t*»(CZ no. 41 F •2. 5904®affi*»»*-&fs^^9 
-^"5— «it(=*jt^T. ^a-Ci 5 8%tL^5:*:*3ji:T 
M R d<ISiiy $ ^fc (P. Chen et a I . , Phy s i ca I Rev i ew L 
etters. Vol.87. No. 10, 107202. The American Physic 
al Society. 2001i^«tT) , C<D««I4, ZnOtFe 

(N03) 3- 9H26i:$fflL^T^/;^y;^a"^»ffljf^t/= 

;:i^i*t»** 1 1 0 0^-Cffifil#Lfc^(=t»»L-Cf#& 

iS-e & -s «)«es«i0E(Ri li^^gij 15 y , l fc o r 

1 5 8%<OTMRA<l6iR-r45a«(*5 kOe (=3. 9 
3X1 06A/m) &L±tUmz:K^l^^ Z<Dtz»Sim 

[001 4] 

J6*^sa«-r-6cti=&y, * e,rc(ic(Dfiaa»taSi!i 

[0 0 15] 

I*, -fift*MxFe3-x04-eat>**l«xe;l«.>U«Ji$^ 
MliZ n^^rliMnOl^f *I*>1?i5y. 3&>-DxliO 
<x<0. SimtiLXl^^o 

[0 0 16] *ie?B#€>ii, J:ysuasittta3aa<cft 
«w»*<T<f-3r#f=. -twtes* MxFe3-x04-eat5 



LfsA^or, «fcy:fc^^E^aa«la^<b^^3i■rTMRG) 

[00 12] (1) SA>6:hA^i.cl:3lC, P=ia)jatt 
<*$fflt>Si:SlB(c:^^^TMR*<«8t#$*i.-5), P = i 

N i Mn S b. F e804, C r 02> (La-Sr)M 
n04, Th2Mn07, S r 2F e M o Oe'&i: . S-^tO 

«>'^— ^^^^U^ffll^TTMR <D«f^ A<|t^ 6 *t,fc 

1 0%galcS*oTL^So ^Cfc\ CC-eHISRlcKf^* 
^fc{lSlfita3e!im%'7-(7)ttft«£i^^b$ (MRtt) Off 

>^-»U«ta*R2i:-r'6i:. 
-Rl) /Ri (2) 

**t4xe^;u«ji^w-rs*sij<b«3i?fcoT, Mi± 

[00 1 7] *jewf=air3<«a»iajai«*^i4, iri 
mmt. ^mm<D±izmmmtzm2<D^m^»stt: 

F ea-x 04r'a*> * n-6 X e*;u«jt * wr «4«K<b 
«^$^^■e^Jy. M(*zn$fci*Mnfl)Lxf*w6^"e* 

y. *^Ox^40<x<0. S^aifcLTL^'So 
[0 0 18] C<DJ:5IC. ±a»<D»i!fe««*fflt%rSta 

f^rscticfey. iSt^aa«ms!Im^wr« i->4^;u 

[00 1 9] ^tz. *l6ISI=»':y<{8ft»tftja«3R^ 

-fiftSMx Fe3-x04T'at)$*i«x e;^;u«it*«r « 

^Bi^<b%$$^-efey. MI4Zn$/=ttMn0!)l^rtt 

A'^-^fey. A''-3xttO<x<0. S^aSfcLTt^-S. 
[0 0 2 0] C(DJ:5lc. $6SSB>*J|ctfttta)ai4«lsjs 



(4) 



2003— 2296 1 4 



coo 2 1 ] :*:ieiBlzS-:3<«atl-r/WXI*, ±m<Di^ 
- [0 0 2 2] ZOi^OtZ. ±^EcDC^■f4^A^a)fflEatStn;^() 

[00 2 3] 

coo 2 4] 7,ii:^)i-m&^m-ri,^mmitm(D-mx' 
aT?a*3**L^ -tro^fitift^tt. eai lc^■r J:5^taJ^^• 
4. CC-C, MliZns Mn, Fe, Co. NU C 

u. Mg. L i ja:<iffl)2fifi<o-f^>-;?a&y. Feuais 

[0 0 2 5] aJ»ia3J:0:ai5J>I isacT, o2m:*- 
:/|*®'D3t^/^'y^>y^^-ro SP^J- 1 T?l*. 00)85 
«:6iBtla)|giM (B-y--r (-) Icf e-f:*->A<iiaL. SP 
»I IT?I4, oa>4S»:4Efi<D«giM (A-9--f h) ICM 

xe;^;Utj£xe:*.;Ui:A<fc5, 2ffia>'f ;^->MA<A•9■ 
xe:^;Ui:tx3. LfcA<oT, iEXe:^i^7x^-f hi* 
(m2+) [Fe3+2] 04. iaxe^^U^x^-f h (Fe 
3+) [F©3+m2+] 04tU^, ZZV ( ) ttA-y-'T h 

14, M4<Zn, Cd. MnOOJi^tD^-efey, **lJ2in 

[0 0 2 6] xe=^;^7x^-f hi?i4. A-t^-c hts-y- 

-f bra (A-BW) CDftO!)X»ffii:<^fflA<atX#<. 

A - A Mis J: B - B rao!)-t*ii*aa)/h * <cffl-e * * . 
LfcA^or, 3a»;^e:^vu•7x^-1' h-ei4. MnZ+^xe 

^-f h-eii, Mii<$mtt7tm<om-^izitA-Bm<j> 

CO 02 7] iExe4«--»l':7< 7-f hl-*Jt^TMfl) 

«A<1J:y/Jx*LxJi^(=l4, M<D?FaLfetia*Fe3+ 
A^iSaOSCtlC^py, (MxFei-x) [Fe2]04i:<f 
wOeS. M6<|fait7c3i|-Ct (1+x) m<r)F9 

coo 2 8] -mz, ift1b«S{Bttff:l47>h«S$3(i<A$ 



ha)-a-e£>-5-7y**-1' h (Fe304) t/N— 
f^^tirt^^o LA^L, F e«)^<bi^l4F ©2030)^** 

CO 0 2 9] *llia<DfflE1±«$4l*. M*<Zn. M n 

l4C*te>0>;1-&**:*^e)'Ef-SIEXtf4«^;U3'x^-r MvixFe 

3-XO4 (o<x<o. 5) ^fflt^-sto-e&y, c^tic 

ztizjz^o uti. x = oo)i:#l4-7^r;^^^-^ h$s*5 
•riiaj«-cfe*fctoi8<tA<sii-c&y. x^o. s-ei*^ 

Si;%'(b2^/|t^&;h.^L>. ^tz. M$Zn, MnfeJ:t/C 

^r^xm$s.i&miSimm^t Lx&m-n^izitmmffi-c 

[0 0 3 0] ±j£(DBt1^4it4^$ffiL^f= h >:^;l'«Sft»tn 
Sffilc^Sa® C t ic J: ^TJI^fiK 4,<Z)*<# 

^3>3ft:S 2 fe^ J: 6 1= J: o 

1BI(=ttS-r-&S£Bt1±»)i 3 20!>mi= F e M n 

J: o r ^Mlili^S 3 (D{B<b:^lR];£i<S£ $;h.«. 

[0031] ^tz. m<i>m9it6isitsimm^t lti4. b 

3 izm Lfc J: a <i:^/'5=.i9-«lJS*«-r ««ft«tft» 
«KliF-=t#^ 6.41-5. #j»«:S«1CDa®lc»S(*:S2 

[0 0 3 2] *f=. {aa«tit3ai«fR^icfEfflt-*«^ic 
14. '>4-<<!:*1oo)S*<±i£oligl^(o^ist1±«*s^*^^ 

t*:i:UXI4. Z n A I 2O4. M g A I 204'&ifa>Xtr^ 
;u«jt^ tol^miiSfe^tt. A I 203'Eci:®K<b«!l. A 

a. U— ifTI^U— v3 MBE (Molecular Beam 
Epitaxy) ;£/.fi:<Dii«a)5IMf^9!i£$fflL^rftS!i-r« 
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[0 0 3 3] mi&m) UT. :finma3mmmizr>i^x 

[0 0 3 4] mmmt) B4 (a) ic*-rj:5i=, * 

-fitaJam^^^Sif^Lfco S<*fi<)(Cli, MgO (10 
O) S«±lcS.«fi£««4<D*-'tr-> hSfflt^fcU— 9*7 

/^U— i'S >ai=«*:or» Cr (5nm) /Zn0.35F 
e2. 6504 (lOnm) /2nAl204 (2r»m) /2 
n0.35F e2.6504 (2 0 nm) /C r (5nm) (0^ 

mMvabi>mm»m. z n a 1 204@i^ H>;i<>;uigiKS 

■e&So fiEffi^lCI O OO e (=7. 8 5x1 o4a/ 

tzo ZOimmm^titzSimWimT EM (Transmission 
Electron microscope) IcJioTttSLfctC?*, 

^ Mttx tf ^1 + ;UflES L r L^ S C t A<{tSt? ^ fc o 
[0 0 3 5] C:(D«JlBI$7:t h'J V^/5 7^^fflUT 

^aSSLfcfSS. -tTWZ no. 35F e2. 6504lH<'5^fiBt 

^mzft-omfnttmoimmiSi m^. (b) 

3 0O© (%2. 3 6xl04A/m) i:l^-5'h* 
^ttii-t*SSiC^lt-&MRtklif^1 8 096^1^^1=^$ 
L^ffl^a^Lfco 2 no. 35F e2. 6604K<D;^tf 

Sst^z.t^i^tjt^hta>x&i>, Ufa, (b) om 
*a|aa)^#$t^ifii^3E<b*-ti-fcai»t, +5ooe 

[0 0 3 63 (*ai«2) as (a) IC*-r«fe5lC, 

^t&tn.mmm^'&mi^Ltz. Mgo do 

O) S*S±«CMBEStlZj:-3-C, Cr (5nm) /Zn 
O.35F «2.6504 (1 O nm) /Z n A I 2O4 (2 n 
m) /2 no. 35 F e 2. 6504 (2 0nm) r (5n 

m) ©^WaSHSaiH^Lfc. C r®l*TSPfcJ:U:±a5 
mS-e£^#%ft^B. 2 n A i 204SI^ 
T^a^d. fiKS^lCI OOOe (%7. 8 5x 1 04a/ 

[0 0 3 7] croajiK*^;!- h'J V^f^:7-f $fflt^r 

fiilfflllDXL, 4//mX4^m<D«i/hh>:^;UffiiaStaJa 

«a5^-*aif^L/=. t^*3^^)4 44g^s£^fflt^riaa«tt 

$a4£L^^%s -kTOZnO.asF e2.6504ea>f^{St 

^j2lcfii5ffiaSfitS6«ffl« (135 (b) ^KS) 

+1, 3 0Oe (=2. 36xl04A/m) tl'^O'l^^ 

Uimmvm^tztsifiiMRititm^ 4 o%^i^^i=:^$ 

t*filS*Lfco Z n0.35F e2.6504lB(DXbr 



* w i $ * « -r * t CO -e . 

[0038] (SllfiCdS) B6 (a) IC^fck^lC, 8ft 

r (5nm) /Zn0.2Fe2.8O4 (1 Onm) /A I 
Ox (2nm) /CoF© (5nm) / I rMn (Sn 
m) /Cr (5nm) ©^HaSB* Uf=. A lO 

[0 0 3 9] COaSiSS^;!- h'J V^^7 7-f ^fflt^r 
fKIOAlX L. 4 /i m X 4 ju m(Dftt/h h 

a^^-^snf^Lfco t^*?^*«44iil^•5^*fflt^Ta»istt 

^m^Ltzmm. He (b) izm-rmn^isiidimmm< 

^itis 5 0Oe (%3. 9 3xl04A/m) tt^? 

'h$«:««-e|gSi=feMt&MRi$$^7 5%^|^SI=:*:# 

L^fiS$*Lfco Z no. 2F e2.804lS©;^.lf> 

[0 0 4 0] J2i±®J:5l=, *«WlcJ:*il*l^«IC*# 

[ o o 4 1 ] ijtmm 1 ) B 7 1$, :^fsq§a>fit$i»m^ 

a'N'^ Kii. »<*2 2±irTMR 1 o^-^t:n±^'v K 
ffiffi2 3, 3-(';U2i. ±fittS2 4ANe>Jjf^ESi'N 
K2 6 t4^6»fiK$*irt>«. ca)««'sy Kicj: 

[0042] H8lic<0Sife'^-;/ K(©«iS*ittWf -Sfc 

114. 3i«i±«:S5*Ne><csTMR 1 01*. ±T<onm 

Ji3 2fcJ:lX3 4lC«$+tfc«jtSty. *e.i-C*l& 

!t<*:S5(DJ««6<lS^1±$«0/=to, TMR10<Djfi« 
lZ^i^ja5 3 3 6<ES**t. C^xetTMR 1 Oi:*<te 

mn^ifLxnttimixL^i>o 
[ o o 4 3 ] (.ftmm 2 ) 0 91*. :$i^f^<Dmf^is.iniib 

4. aflHz>-tK4. 4il<DTMR 1 O-CTK'f— I 

>^U*yi;®I»$«^U. •t«)d^a>2«CDTMRI=tt 
aa'>->UK4 1 *tJi$*trU6o :*:»9l-ti>-y-<0J:5 
IC T M R C t IC J: y . ®t^aattta3E^b*A<» 

«>*t«Ci:J-J:^T@S6<|Sa±-r€.li6^yT?'Ef<. 20 
a>ai1£IB[BII=$6«li$»A//£«lit-e2&«f=«>IStS0t1b-r 
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[0 0 4 4] (StmrnS) Hi 014. *«B^a>filft«ta 
(BL) 5^±^zm^itl, ^f-f:J— K5 3<D-4Si:t* 

^ h^-os 1 tA<^*^J^$tlTt^«. TMRioo^fiis 

■<> (WL) 5 Zi^^mtEtlXl^h. 
[0 0 4 5} (i$^^4) H1 1 j3<):l/Hl 214. 

HI 2IC3^-r<fe5(C, i/'J=i>»«6 0lC-tr— hmffie 
3» V— ;^/KU'f >«|Jili6 5. 6 6A^f>'S-6 
:^*6 46<»fie$*irt>*. y— h«ffi6 3l4, St^tU 
LfflO'?- K'^-f > (WL) ^«fiELTL>-6. 

h^-fi/ (DL) 6 2A<»fi8**l-Ct^-5. 

6 4a)KH'><fiJSe6 6l=tta>5e^7 h>5r;u6 7A<» 

K^-f >6 2fl!)±^ic3t*f5-r.6afilc, ;*:f§Bj<©TM 
R 1 0*<»fiK**irU4. COTMR 1 O JilCI*. 

[0046] Hi 1 lc5%-rj:5JC. h7>i?^^64i 

TMR 1 0^*^c>^c^6^^U■tr;U4■^ hij ^^7;?,ttlcE 
JlJ^tlTL^-S. 6 4<Dy— haai$aEfa-6 

h5-c>6 2tl4sp^Tl=i^a^*trt^*o tmr 

1 OOttSSI (±») t»tt**ifce-y h^-f >6 1 1*. 
9— K^-f >6 333J:t;-rS?'y h'^-f > 6 2 tfiX LT 

[0 0 4 7] tel±a>J:5lC. fie*J:y t:*;ligl=St^MR 

[0 0 4 8] ^g]iS^Lf=±e9lt&(D»fll4t-^ 
«)SttSMIEHi*^itii5Ra>©Hicj:oriiFS$*t. 

^x<DiSimi-^tit<ov&i>, 

[0 0 4 9] 

aitt*t«$fflixT»«iiiajaaai^*j^«-r « c t ic * 



[Hi] xe*;i.:7x7-f h«>«3t*KWrsfc*!)a> 

[H2] :$i§^^<Dmma>i^uiztsif^m9ii&iKtiiimm 
(b) 14. c:a>{isi%ta^mss'?-a}ttSi»eijtti%$i!i£ 

[H5] (a) (4. :*:|eKa}|gt(S«l|2ICfeMt'S{SS[» 

(b) 14. ^om^i&tjiisim^'f-iDmis.t&tKiibm^sim 
[H6] (a) (4. :^nm<f)mi&m3izn{-n,m9iit 

(b) 14. ca)ffiafita3a*Sl^0)«ft«tSS!i*^a!lS 
Ly=ie«^5^-rHT?2&'&o 

ffl Lfci8^$i»iH-rsfc«)<7)H-efe-So 
[H8] m7 izT^ Ltzn±^ -y \^»i^<Dmmmx& 

[010] :*:«^a)ffia«tss&*si^-${aa> ^ y ic 

[H11] :«:f§B^a)Qr9l%Si$t)mm?-$MRAMI=a 
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